Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by persistent obstruction of expiratory airflow. COPD is associated with an enhanced chronic inflammatory response in the lungs to cigarette smoke and other noxious exposures [1] . In addition to lung damage, it is also associated with adverse systemic effects and comorbidities that contribute to its overall impact on health [2] [3] [4] .
COPD is a major cause of chronic morbidity and mortality worldwide, affecting more than 210 million individuals [5] . In 2010, it was one of the top six leading causes of death [6] .
COPD has been projected to become the third leading cause of death worldwide by 2030 [7] .
Patients with COPD often experience acute worsening of respiratory symptoms ("exacerbations") that range in severity from mild events that can be managed at home to severe episodes that require hospitalization and can result in death. Recurrent exacerbations of COPD (particularly those requiring hospitalization) have been shown to hasten a decline in lung function, to impact negatively on quality of life and to increase mortality [8] [9] [10] . COPD patients with more severe airflow obstruction, worse debility, chronic symptoms, and advanced age carry a higher risk for acute exacerbations, increased healthcare cost, and death [11] . 
Methods:
We identified adult patients aged ≥40 years discharged from a major hospital in the Southwestern USA with a COPD discharge diagnosis during the study index period (1 October 2009 to 30 September 2010). Patients readmitted within 30 days ("early rehospitalization") and 90 days ("any rehospitalization") were each compared with those not rehospitalized. Clinical parameters (including demographics, comorbidities) and recent healthcare utilization were examined for their association with rehospitalization. Factors independently associated with rehospitalization were then combined with the index admission APR-DRG SOI assessment using conditional linear regression to find the best models in terms of the highest C-statistic.
Results: Among 306 patients hospitalized for COPD, 62 (20.3%) had a rehospitalization within 90 days and 28 (9.2%), an early readmission. An APR-DRG SOI subclassification ≥3 was a modest independent predictor of early or any readmission, with adjusted odds ratios ranging from 2.09 to 3.33. Models that combined the APR-DRG SOI subclassification with clinical factors present before the index hospitalization had strong C-statistics of ≥0.80. Good models without the APR-DRG SOI subclassification but including a history of recent hospitalizations before the index hospitalization were also identified. Drugs in Context 2015; 4: 212278 ORIGINAL RESEARCH -Clinical factors for rehospitalization after COPD exacerbation Drugs in Context COPD-related hospitalizations account for the largest portion of the increased direct medical costs found among COPD patients. In 2008, the USA spent US$53.7 billion on COPD/ asthma treatment, of which US$13.1 billion was a result of inpatient hospitalization [12] . COPD is also one of the major causes of early rehospitalization, with approximately one of every five Medicare patients hospitalized for COPD being readmitted within 30 days of hospital discharge [13] . Healthcare policymakers have identified reduction of hospital readmissions as a potential way of improving healthcare quality while reducing costs. In the USA, the Centers for Medicare and Medicaid (CMS) has implemented a policy wherein payments will be reduced to hospitals with excess readmissions relating to an initial hospitalization for acute myocardial infarction, congestive heart failure, pneumonia, or COPD [14] . A "readmission" is defined as hospital admission within 30 days of discharge from hospital. This policy has been implemented despite a lack of specific interventions proven to reduce COPD rehospitalization [15] . Hospitals are now highly motivated to identify COPD patients who are at highest risk for hospital readmission, and to implement interventions that reduce the risk of readmission.
The basic classification system created by the Diagnosis Related Group (DRG) was implemented by CMS as a way of reimbursing hospitals providing inpatient care for Medicare beneficiaries. This system is used to classify inpatient procedures and principal diagnoses into major diagnostic categories. The All Patient Refined Diagnosis Related Group (APR-DRG) classification scheme is a more expansive classification scheme of DRGs than the basic DRGs used by CMS. APR-DRGs are designed to include populations not normally covered by Medicare (e.g., pediatric). Each APR-DRG has four classes of severity of illness (SOI) to characterize patients further. The SOI classification system captures the extent of physiologic decompensation or loss of function in an organ system. The four SOI classes correlate to minor, moderate, major, or extreme severity. Severity classes are not considered to be scores because SOI classification levels are not comparable across APR-DRGs. The SOI classification system utilizes information on comorbidities, age, principal diagnosis, and the presence of specific operating-room and non-operating-room procedures to determine the SOI value [16] .
We wished to identify basic clinical factors that a hospital could use efficiently during or soon after a COPD-related hospitalization to identify those who have the highest risk of rehospitalization. To accomplish this aim, a retrospective analysis of COPD patients treated by a large, integrated medical system in Southwestern USA was undertaken to capture all individuals hospitalized primarily for COPD exacerbations during a 12-month period. Data from administrative databases and chart reviews were used to examine a spectrum of clinical characteristics (e.g., demographic factors, comorbidities, medications) and healthcare utilization to identify those associated with hospital readmission within 30 days or 90 days after discharge. In particular, we wanted to ascertain if the standardized APR-DRG SOI subclassification could help to predict the risk of rehospitalization. We speculated that this information might be useful not only for identifying patients at risk of hospitalization, but also to provide insight into potentially modifiable risk factors.
Methods
This study was conducted among patients treated by a major hospital that is part of a non-profit regional medical system with hospitals, clinics, and staff located primarily in Albuquerque (NM, USA). Eligible patients were identified by reviewing ICD-9 codes from inpatient billing records to identify hospitalizations that were primarily for a COPD exacerbation. Most data on utilization and demographics were captured from administrative files and billing files, with review of hospital medical records used to validate cases and to collect clinical information not found in billing data. This project was approved by and supervised by the Presbyterian Health Systems Human Research Review Committee.
For study inclusion, patients had to be: hospitalized with a primary discharge code for COPD (ICD-9 491.x, 492.x, or 496) or a secondary discharge diagnosis of COPD with a primary diagnosis of respiratory failure (ICD-9 518.81, 518.82, 518.84, 799.1); discharged alive; aged ≥40 years at the index date. There were no exclusion criteria. The "index date" was defined as the discharge date from the first COPD-related hospitalization ("index admission") during the 12-month "index admission period" (1 October 2009 until 30 September 2010). Hospital records were reviewed for healthcare utilization and prescription medication before being admitted for the index admission. The "follow-up period" was the 90-day interval after the index date. This period was reviewed by billing records for evidence of any rehospitalization. "Any rehospitalization" was a rehospitalization occurring within 90 days after the index date. "Early rehospitalizations" were defined as those occurring within 30 days after the index date.
Mortality data
A subset of patients was enrolled in a managed care health plan from a health maintenance organization (HMO) affiliated with the hospital. For these patients, deaths within 90 days post-discharge were identified using the US National Death Index (NDI). The purpose of collecting mortality data was to determine the proportion of patients who expired during follow-up but were not readmitted to hospital.
Study variables
Information collected about the study subjects at the index One can reasonably expect many clinical factors to be highly correlated. Therefore, to assess factors that have the strongest relationship with readmission (at 30 days and 90 days), multiple logistic regression models were utilized to determine associated odds ratio (OR) and associated 95% confidence interval (95% CI) for estimation of the risk of readmission. Logistic models were constructed using an iterative method. Initial models were constructed from factors in univariate analyses that were estimated to be associated significantly with readmission using p≤0.20. Factors were retained in multiple logistic regression models if factor effect estimates had an associated p<0.30. Different logistic models were compared using the C-statistic: an "area under the curve" measurement. C-statistic values of 0.50 are considered representative of an outcome probability equivalent to tossing a coin. Larger C-statistic values, ≥0.75, are considered indicative of more informative predictive models. Statistical analyses were carried out using SAS v9.2 software (SAS, Cary, NC, USA).
Results
Over the index admission period, 306 individuals were discharged alive after a hospitalization primarily for COPD. Of these, 62 (20.3%) were readmitted within 90 days, and 28 (9.2%) within 30 days (Table 1 ). Information regarding death was obtained for the subset of patients who belonged to the affiliated managed care HMO (n=93). For this subset of patients, readmission percentages were similar to those for the overall group. For the subset of patients, 18 (19.3%) were readmitted within 90 days, and 8 (8.6%) were readmitted within 30 days. None of the subset of patients died within 30 days of discharge, although 8 (8.6%) died within 90 days.
After discharge from the initial COPD hospitalization, respiratory illness was the primary discharge diagnosis for ≈50% of readmissions occurring within 30 days and 90 days. In particular, for approximately one-third of those readmitted, the readmission discharge diagnosis was obstructive bronchitis. The remaining respiratory-illness readmissions were attributed to pneumonia and respiratory failure. Finally, of the patients readmitted within 30 days, 2 (7.1%) died after readmission and, of the patients readmitted within 90 days, 3 (4.8%) died after readmission. Table 1 provides a summary of all COPD-related medications used in the baseline period as well as baseline factors found to be significantly different between patients readmitted and not readmitted using p=0.20. Table 2 provides a similar summary, but for the initial COPD hospitalization. Table 3 provides a summary of post-discharge events. COPD, chronic obstructive pulmonary disease; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic antagonist; SABA, short-acting beta-agonist; SAMA, short-acting muscarinic antagonist; SD, standard deviation.
The characteristics most significantly associated with both 30-day and 90-day readmissions based on univariate analyses were (Tables 1-3) : (i) all-cause hospitalizations in the previous 12 months; (ii) all-cause hospitalizations in the previous 90 days; (iii) pre-admission indicators of greater disease severity (i.e., use of short-acting antimuscarinic agent; inhaled corticosteroid (ICS) use; hematologic malignancy at admission; inhaled corticosteroids present at discharge); (iv) asthmatic medications present at discharge (i.e., leukotriene receptor; anti-asthmatic drugs); (v) hip fracture noted at discharge; (vi) congestive heart failure noted at discharge. All study patients were identified using primary diagnosis codes for the visit. For 288 (94.1%) of the study patients, the APR-DRG code assigned to the initial hospitalization was 140, COPD. No APR-DRG code was assigned for 11 (3.6%) of the study patients. For the other 7 (2.3%) study patients, the assigned APR-DRG codes were for tracheostomy with long-term mechanical ventilation, respiratory system diagnosis with ventilation, other pneumonia, acute myocardial infarction, heart failure, septicemia and disseminated infections. There were 95 patients with an APR-DRG SOI major subclassification (SOI=3) and 12 with an extreme subclassification (SOI=4), almost of all which had an APR-DRG code for COPD. The 2 patients with APR-DRG Drugs in Context 2015; 4: 212278 ORIGINAL RESEARCH -Clinical factors for rehospitalization after COPD exacerbation Drugs in Context codes relating to tracheostomy and septicemia had an extreme SOI subclassification, and the 3 patients with APR-DRG codes relating to a respiratory-system diagnosis with ventilation, acute myocardial infarction, and heart failure all had major SOI subclassifications. As expected, the higher APR-DRG SOI subclassifications for the index admission were associated with a greater likelihood of readmission for both 30 day and 90 day periods (Table 3) .
Many of the measured factors were not found to be significantly associated with readmission at 30 days or 90 days in this population (p>0.2), as shown below.
• Demographic factors of Hispanic ethnicity, marital status, and smoking status.
• Existing comorbidities of: anxiety, solid tumor malignancy, lung cancer, acute renal failure, chronic kidney disease, hyponatremia, osteoporosis, previous hip fracture, cirrhosis, gastric ulcer, coronary artery disease, peripheral vascular disease, myocardial infarction (other than non-ST elevation myocardial infarction), ventricular arrhythmia, and congestive heart failure (CHF, other than diastolic dysfunction). These were also not significantly associated with readmission when noted at discharge, with the exception of CHF and previous hip fracture, which were significantly associated with readmission in 30 days (p<0.05) and readmission in 90 days (p<0.05) (see Table 3 ). In addition, the following diagnoses noted at discharge were not significantly associated with readmission: depression, anemia, diabetes, gastro-esophageal reflux disease, hypertension, pulmonary hypertension, cerebrovascular disease, and supraventricular arrhythmia.
• Previous COPD diagnoses of asthma and emphysema (these were also not significant when noted at discharge).
• Use of the following medications before the initial admission: long-acting muscarinic antagonist (LAMA) inhalers, combination short-acting muscarinic antagonist (SAMA)/short-acting beta-agonist (SABA) inhalers, oral corticosteroids (OCS), non-insulin diabetic medications, angiotensin-converting enzyme (ACE) inhibitors, diuretics, sedatives, antidepressants, antibiotics, vasodilators, antiplatelets, and anti-coagulants.
• Medications administered during the initial hospitalization: combination SAMA/SABA inhalers, OCS, ace-inhibitors, angiotensin II receptor blockers (ARBs), vasodilators, beta-blockers, intravenous corticosteroids, intravenous and/or oral antibiotics, sedatives, antidepressants, antiplatelets, and anti-coagulants (when these were noted as being present at discharge they were also not significantly associated with readmission, with the exception of OCS medications, sedatives, and anti-coagulants).
• Pneumonia and long-term oxygen treatment when noted at discharge.
• Being up-to-date for influenza vaccination at admission, receiving an influenza vaccination during hospitalization, and receiving a pneumonia vaccination during hospitalization.
Adjusted models for 90-day readmission Table 4 summarizes the adjusted logistic models constructed for readmission within 90 days. Models 1, 3, and 4 included the APR-DRG SOI subclassifications 3 and 4 (major and extreme) as a factor. The C-statistic for readmission based on this factor and male sex was 0.66 (model 1). Adding whether the patient was hospitalized in the 12 months before the current discharge, and medications pre-index (inhaled corticosteroids, insulin, and ARBs) increased the C-statistic to 0.80, which is indicative of a strong model. Adding medications at discharge increased the C-statistic slightly to 0.82.
If the APR-DRG SOI subclassification is not included as a factor, and instead only male sex and whether the patient was hospitalized in the 12 months before the current discharge, then the model C-statistic is 0.71 (Model 2). The OR estimate for previous hospitalization and APR-DRG SOI subclassification changed when used concurrently, and with other clinical and comorbidity information, suggesting a strong interaction with these factors (Table 4 ). Table 4 does not include the APR-DRG SOI subclassification, but includes factors from model 4 and, additionally, comorbidities that were not included in model 3 because the APR-DRG SOI subclassification considers comorbidities. This model had a C-statistic of 0.82. Previous hospitalization was the factor with the strongest relationship (OR, 3.99; 95% CI, 2.04-7.80; p<0.0001). Use of ICS and insulin were also associated with a higher risk of readmission in 90 days. Patients using ARBs before admission, comorbid gastro-esophageal reflux disease (GERD), and oral corticosteroids noted at discharge all had a reduced risk of readmission, although these factors were not significant using p<0.05.
Model 5 in
An additional regression analysis was conducted using the subset of patients enrolled in the HMO. ORs were estimated for the combined event of readmission or death in the 90 days post-discharge. Because of the small sample size, only two models were constructed, equivalent to model 1 and model 2 in Table 4 . Multiple logistic regression models -readmission in 90 days. Table 5 . Multiple logistic regression models -readmission in 30 days. had very strong C-statistics of ≥0.80. We did not include comorbidities or age in our models that included APR-DRG SOI subclassification as a factor because these are considered in the subclassification determination. Solid models without the APR-DRG SOI subclassification were also developed, and were based primarily on the history of hospitalizations and use of respiratory medication before the index hospitalization. These analyses suggest that very good predictive models for COPD rehospitalizations can be developed using locally collected hospital data. Furthermore, even if the APR-DRG SOI subclassification is not used by a hospital, a similar combination of severity measures for the index hospitalization plus simple historical data on utilization before the admission can be used to identify high-risk patients.
In our database, the 30-and 90-day all-cause rehospitalization rates (9.2% and 20.3%, respectively) were similar to those reported in other recent analyses. In an analysis of the 2003-2004 US Medicare fee-for-service population, the 30-day all-cause rehospitalization rate after a COPD admission was 22.6%, with 8.2% readmitted primarily for COPD [13] .
In a limited analysis of 2008 fee-for-service data, the 30-day all-cause rehospitalization rate after a COPD admission was 20.5%, with 7.1% readmitted primarily for COPD [17] . A followup analysis of the same database for the calendar year 2010 found a similar 30-day readmission rate of 20.9% [18] . and 2010, the 30-day and 90-day all-cause rehospitalization rates after a COPD admission were 8.2% and 17.5%, respectively [19] . In an audit sample of COPD admissions in the UK in 2008, 90-day all-cause readmissions were 34% (2971 of 8677 patients) [20] . In a study of hospital readmissions in Denmark and in the US Kaiser Permanente system from 2002 to 2007, all-cause 30 day readmission rates after a COPD hospitalization were 20.7-24.1% in Denmark, and 19.4-21.4% in Kaiser Permanente [21] . Among these, the only study to conduct an analysis similar to ours also identified pre-index hospitalization healthcare utilization and severe comorbidities as factors associated with an increased risk of rehospitalization [19] .
In the present study, the APR-DRG SOI subclassifications of major and extreme risk were strongly associated with all-cause readmission in 30 days and 90 days. Studies that have used the APR-DRG SOI subclassification to adjust for confounding in comparative effectiveness studies have found similar results. Bollu and colleagues estimated a 30-day all-cause readmission rate of 10.9% among patients discharged from a hospitalization for COPD, and treated with arformoterol or nebulized SABA. In a regression model for readmission, the strongest factors associated with readmission were an APR-DRG SOI subclassification of "major" (OR, 1.89; 95% CI, Adjusted models for 30-day readmission Table 5 summarizes the adjusted logistic models that were constructed for readmission within 30 days. Models 1, 3 and 4 included APR-DRG SOI subclassifications 3 and 4. The C-statistic for readmission based on this factor (model 1) adjusting for male sex, was 0.66, almost equivalent to that for readmission within 90 days.
The C-statistic was increased to 0.83 (indicating a strong model) after adding factors for whether the patient was hospitalized in the 90 days before the current discharge; medications pre-index of SAMAs, LABAs, leukotriene modifiers, inhaled corticosteroids, and beta blockers; being up-to-date with pneumonia vaccination; receipt of LAMA during hospitalization. Dropping the medications pre-admission that had p<0.20 and adding the medications leukotriene modifiers and oral corticosteroids noted at discharge increased the C-statistic to 0.85 (model 4).
Models 2 and 5 do not include the APR-DRG SOI subclassification factor. The C-statistic for model 2 (which includes only whether the patient was male or not, and was hospitalized in the 90 days before the index admission) had a C-statistic of 0.69, again similar to the 90-day readmission model. In model 5, the OR estimate for previous hospitalization increased from the estimates for model 3 and 4 once the APR-DRG severity factor was omitted, again suggesting an interaction between the two factors. Patients hospitalized in the 90 days before the index hospitalization had odds of readmission within 30 days that were 5.7-times greater than those not hospitalized. Patients using SAMA pre-admission had odds that were 6.7-times greater. As in the 90-day readmission model, patients noted to have oral corticosteroids at discharge had odds of readmission within 30 days that were less than one-third those not receiving oral corticosteroids.
Discussion
We wished to identify factors associated with early hospital readmissions after a hospitalization primarily for COPD. In comparing patients who had any rehospitalization within 90 days or an early rehospitalization to those who were not readmitted, we found several clinical factors associated with readmission.
In general, factors tended to be associated with either more severe COPD, such as increased use of medication during the baseline period, more serious comorbidities (e.g., hematologic malignancies, heart disease, pulmonary hypertension) or more frequent previous hospitalizations. The APR-DRG SOI subclassification was also a good univariate predictor of readmission. Using a binary measure for the subclassifications of major/extreme severity of illness and combining that with a few simple clinical measures (e.g., previous admission history, previous use of respiratory medication), the predictive models ending in 2010, and the study sample size was small, particularly for the subset analysis that included post-discharge mortality. Statistically significant findings were recorded, but the results from our study need to be replicated and, ideally, expanded upon, using larger study samples. Finally, the demographic characteristics of our patients and treatment habits of the providers in this system are likely to be different than those found in other systems. Hence, we encourage other hospitals to develop their own predictive models for COPD rehospitalization whenever feasible.
Conclusions
In the present study, patients who experienced a COPD-related rehospitalization were significantly different from those who did not according to several pre-index hospitalization factors. A strong predictor was previous hospitalization, particularly within 90 days of the index hospitalization. An APR-DRG SOI subclassification of ≥3 for the index COPD admission is associated with increased risk for early rehospitalizations, and can be combined with a few historical clinical factors to create strong predictive models for rehospitalization. Prospective analyses can focus on the parameters that were most strongly associated with rehospitalization to develop risk stratification systems, and to develop specific interventions that might reduce the risk of rehospitalizations. Ultimately, healthcare quality will be improved by further research into high risk factors that can be alleviated to reduce the risk of readmissions.
1.02-3.49; p=0.04) and a subclassification of "extreme" (2. There is a need to better understand the factors associated with the risk of readmission after a hospitalization for COPD. In the USA, this need has been heightened since CMS added COPD to its Hospital Readmission Reduction Program as one of the conditions for which hospitals would be evaluated with respect to a risk-adjusted 30-day all-cause readmission rate. Concern has been voiced about including COPD [14] , including uncertainty regarding the preventability of readmissions and the lack of evidence that decreasing readmissions results in improved outcomes [24] . CMS adjusts rates for risk by including age and comorbidities in its estimations for readmission rates, but including these as individual elements does not allow easy identification of which group of patients is being impacted by intervention measures designed to reduce readmission rates. Use of a risk classification scheme similar to the APR-DRG SOI subclassification levels offers this ability.
Our subset analysis also highlights the importance of obtaining information on death when conducting studies on individuals discharged from a COPD exacerbation. Estimated 30-day and 90-day readmission rates were similar between our main analysis and our subset analysis. However, in the subset analysis, beyond the 20% readmitted to the hospital within 90 days, an additional 9% died, making the percentage that died or were readmitted within 90 days of discharge almost 30%.
Our study has limitations. Administrative data are based on claim payments and ICD-9 codes, which may not accurately reflect the main reasons a patient was hospitalized, or even that the diagnosis of COPD is confirmed. We captured as broad a range of variables as possible based on what was available in the administrative database. We recognize, however, that there may be other variables that might predict hospitalization that were not available in the database. All readmissions may not have been captured, in which case our readmission percentages would be underestimated. In addition, information on inpatient stay may not have completely captured hospitalization treatments. For example, patients may have had existing therapy such as a continuous positive-airway pressure device before the index hospitalization, and its use during the hospitalization might not be captured by billing records. The extent to which coding within hospitals' charge description masters accurately reflect the care that a patient receives is not known, but our cases were reviewed by abstraction of medical records, and all were validated as having a physician's diagnosis confirming that the hospitalization was for COPD. The study population is from one hospital, discharges occurred over a 12-month period
